Chinese Physical Society
Mﬂ#ﬁ Acta Physica Sinica :

€D Institute of Physics, CAS

BRI 8k (100 B BREY L $E ER Y RN
REE &T £FR4
Surface effect on (100) interstitial dislocation loop in iron

Liang Jin-Jie  Gao Ning  Li Yu-Hong

5|5 K. Citation: Acta Physica Sinica, 69, 036101 (2020) DOI: 10.7498/aps.69.20191379
TEZEE View online: https://doi.org/10.7498/aps.69.20191379
AN View table of contents: http://wulixb.iphy.ac.cn

BT BB A HAB S EE

Articles you may be interested in

A S 2 T RAIE AR 20T SO AR R ) 231 3 ) 22 AL
Molecular dynamics simulation of characteristic water molecular arrangement on graphene surface and wetting transparency of

graphene
Y2 2019, 68(8): 086801  https:/doi.org/10.7498/aps.68.20182307

BN R YO TR T-9 HU T R S
Diffusion behavior of di—interstitials with different configurations in tungsten

WIFEAEA. 2019, 68(12): 126701 https://doi.org/10.7498/aps.68.20190310

O3 T Bl A A N I R E R £h B 8 AR RS S AR T O
Structure evalution of electron irradiated bhorosilicate glass simuluated by molecular dynamics

WIFIE4. 2017, 66(10): 106102 https://doi.org/10.7498/aps.66.106102

T IO 2R R PR Bk R FLAIR IO A5 A A ) 231 B0 RS
Molecular dynamics simulation of effect of temperature on void nucleation and growth of single crystal iron at a high strain rate

PIBR2EA. 2019, 68(24): 246102  htips://doi.org/10.7498/aps.68.20190920

T RE X /N B R BRI} i 57 53 Bl R ) 4 e AR A 4L
Phase field crystal simulation of the effect of temperature on low—angle symmetric tilt grain boundary dislocation motion

PR 2019, 68(17): 170504 hitps://doi.org/10.7498/aps.68.20190051

NS SR R (B D e DA YR

Molecular dynamics simulations on scattering of Ar molecules on smooth and rough surfaces

YrH2E 4. 2018, 67(22): 223401  https://doi.org/10.7498/aps.67.20181608


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20191379
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.68.20182307
https://doi.org/10.7498/aps.68.20190310
https://doi.org/10.7498/aps.66.106102
https://doi.org/10.7498/aps.68.20190920
https://doi.org/10.7498/aps.68.20190051
https://doi.org/10.7498/aps.67.20181608

) 3B 3R Acta Phys. Sin. Vol. 69, No. 3 (2020)

036101

S TSR X4k (100)

REED #

A Y

o] BR B (L SE IR Y S5 M

_')_13——

2)3)

& £ 47 Ui

1) (CEMNRZARRA GHASRE, 221 730000)
2) (b EERMEBGT BRI, 22 730000)

3) (P EBEBRA R S HAR B, At

100049)

(2019 4F- 9 A 10 Hk; 2019 4F 11 A 15 HIEESR)

TERT RIS M5 e v, 1 B0 58 B 09 0 B % 8 g~ D ™ d S e R R E R IR A T B AR B AT Ol 7R
R LI C ST 0 SR A A bR 172 (111) AN (100) 2 795 Fh =2 B2 5 (57 4 2, H X 4 B 40 1) 5% o) — L
AR IR R TS B PR 2 — . TR Z AT RIS B, TR {10031 5 B 1/2 (L1L) 057 55 B 69 A B A R A T
TIRABETE, S B XL 5 P i S AT T 2R R SR 0 T8 1 05 ik, AR T RO PRI SE 1 05 —
A H B K T Bk {100} 181 X (100) [7 Bt B9 037 55 5 2l g 27 e 00 s i 4000 B B PR A 307 Ok i B R TR 2.
T3 ) B O ZR | AR B L S B 22 18] R B Y AR B A5 X S 8 5 3 TR A AR EL A AR
My, FCrp AR AR A 4E % 307 O d i 38 A0 LA K (100) £ 55 PR AE e i 7 v ) — 432 8l 1 R Bl . ik T X S A
PSR, 1 (100) 107 55 PR 0F 2 181 48 IR A1 400 205 F B 52 e 0 A7 DR A SIS, 40 1 (1.00) 02 55 21 0F 3 1T M1 2454 14 53
R, 32K 235 SR g B e U R e A e 3 T A AR AL — b T i 4 A

REEIR: AEIERT, (AR, 2Tl AN, R

PACS: 61.80.-x, 61.72.Nn, 02.70.Ns, 68.35.p

El

BRER T SV B AR, kT2 b4
B B R R R AL B RE R, SR T BT
JER A i 7 B, T IR B R P BT 25 o7 ke
B, FESCPRR BRI, KA i BB T 5 9 B
A2 G AR RIS, EA e k&
AR, o BOHAR R BT, i (R AL SR
A EAEH, TR IR e S BRI . 18] Bt ik 208
SRR B A B, HARAR S R A AN TR~ T A
1 XG5S N N D LR 7 A < B2 N T R TG A il
e, T LA s 1 | 2 57 A 68 A AR 2 4 5
BRI Z A, B b 25 A DUARAH S5 R , e S0 1

il

1

DOI: 10.7498/aps.69.20191379

B

Wit TR R B IRBEPERE, e 3 R PR
W05 Y 2 kB 2 —. HRTAZ R AR L
JEE S WK S A R RHE AR R GE I LIRG AL TT (BCC)
Bk (Fe) LG &R NETHIAEL, I, #T5T Fe iy

i B AR P R BN TR RE A5 A AR A e B A

Fe rhvig WL 1] Bt 057 i P14 REOAP A% 3 O 1
BIASTR], EEABR 1/2 (111) A1 (100) 12 B |
Fe v 1/2 (111) 57 485 P4 76 AR IR B A2, v R B A
(L0037 5 B4y 2 Bl 7 28 3 8 BB S 19 Fe T
T BE T T 400 °C BF, DL (100) L4 31 o8 3 -6 gk
M, T Fe 5B G B MR 45 R BoR | FA17E
1/2 (111) F (100) IR 578 &7, IREEFE3] 300 C

RS FORE A KN 1/2 (111) 5575 R (100) A114E 1 2%

R E AR R R R EIH @S 2018YFE0308101), E K A Sk Bl 4 (i E S 11675230,

11775102) Fiep ERL 2 B 5 45 BB fE0E 23 5 B A R
t BfE1EHE. E-mail: liyuhong@lzu.edu.cn

©2020 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

036101-1


http://doi.org/10.7498/aps.69.20191379
mailto:liyuhong@lzu.edu.cn
mailto:liyuhong@lzu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 3B 3R Acta Phys. Sin. Vol. 69, No. 3 (2020)

036101

it Bl XA IR SE, T R ARG AL -2 AT
MBORA L) TAE, MBS B 7 BB RAE T
(R 485 A A OS5 #4 I BRGA T X 1 i A it 7 -
PRI AR TRIRLE | & &0 R LR AAFAER R 4
INGER BRI e R T A PR B R R T
Ak, 78 BCC & J@ v, S 2185 S50 1 3 0 A0 |
VEF 18] — BRI GE IS, W S SR AE R N T 4%
Ty A AR 0 R 335 WA Z B A B
T s ash A 191, JRL T 7 3 3 WAL 485 I 15 1) 5 i (16)
I Kol ST J A 7 ) 3 % Al A Ak s g (1)
S, LRI AR I AN A A2 BN 3
. BT LR TRRIN S 2 Ah, MR AERT,
T 2R AN /I 7 B RE R, b A S R S Bk
F H 2T AT 18] Terentyev 55 19 (R B 58 6 BH:
(100) P £5 FR A IEFEBE =5 T 1/2 (111) ¥R, Jr Lk (100)
PSR E . Tl I FRR AR, 1/2
(L) IR R A AR T B R R T 0.1 eV, H
A BSRAY U, FTLATE B OAR IR 5 07 ) PR Y
i — 49 Hz g 2021, kSR R W 1/2 (111) 5
(L00)P R PR 45 5 5 [ oh 2 10 & A= AH BLAE .
Fikar 4¢ 22-24 % 1/2 (111) 5 [ b 2 8 (040 B.AE A
C i TR RS WS, JEXT (100) F1 1/2 (111)
PR A RE I S5 TR 1 G R AR T, (R H AT T
WEFT F 2 18 & ] 5200 Fe 1 (100) 03 55 245 5l
1), % 3 (100) (5535 1/2 111 M7 4E PR YA,
[ 5 2 T JR R L P 0T 5 8 7 LG Ao 7 4685 A0 55 2R v
(R AE AR ROk i BEA  PE BE RS2 e, PR, A S
RIS T3 125050, W54 Fe i) (100) 1 #5

5 A R R R E R AR S R

2 HEF &
2.1 JHEHER

FRAE AR SCROBIFST B Y, TSR 32 0 B 3R T
T FETH T 1] B A R B A7 At B g [ it 47 5 3R
AR 3T 2% &R (100), 181> T {100}, #ILRIR A 15
SE M AR Wk T T T, A AS AR N
1 nm. FRHEAAHS 1 5% 8t 19 7 1) DA B 2% DR B 2F
S BRI, PEBE {100} 1 2 (100) (4535
AHEAE I B8 7R 22 150N [ O B 25 44 7R
R # g, BCC Fe JEK R/ E X R 20 nm x
17.1 nm x 17.1 nm, JEREEH 20 nm, 5597 Wi 2
BRI SO A PR AH AR, B RN R IR E R
B R I, AR R PR R B S R
VAL R, ST A THARET B FR (s i %
TS REEL AT (8 1(a) M (& 1(b)) M
TEOL; AR A AL TR B M EAEH B4
IR A A R A EAE ), THEARR
BN B IR 5 2 T A LA AT S R TR A
R 8 WU TA) B4 A7 85 B 5 3 1T A B A FH 1 B0 245 4
(11 1(c)). B T 25 AR 7 o< 5t 0 1) A A6 040 H
BRSNS TRIR R A 5 25 R T A LA i
FRUEAT TR, BARMTREREES (d) & LA Xt
TR Ik i 5 R ETE L AT S, AR 53R
AT AR B d e SRS A B T A 114) 3F- TfT 5 3 T 1)
B XA Bk i 5 R VAL A, BEES

@ (b)

Epor/eV: Epot/eV:

» —3.295 ' » —3.29
I —4.04} I —4.04}

T_, [100]

T_, [100]

(©)

Epor/eV:
. —3.29

I —4.04%,E
T_, [100]

BT (100 ] B 20457 i B 5 2 T AR EL A TSRS R 7 1A

(a) FI (b) BN 55 R -5 2 ThT B0 AR ELAR FTREAL , HG vl (o7 435 PP 4% 0

R AT (a) MITEE (b) TREEL I ; () P R 9 AT AR EAR FT A HS 17 52 B0 (100) 437 4 B 2% 171 A AR T B9 o0
AT &] e (57 5 PR A0 2R 11T 00 R HRE B K/NIAE , WAL TP I BE 1 (MR RN, TER TR Z AN A HL S 2, DIBHNR T 5

A5 BRI AR AR 5 72

Fig. 1. Schematic of interaction between (100) loop(s) with {100} surface: (a) and (b) Interaction between a single (100) loop with

surface with Burgers vector parallel (a) or perpendicular (b) to the normal line of surface; (c) interaction between two interacting

100) loops and {100} surface. The atoms in loops and surface are colored by their potential energies E,; as marked by the color
pot

bar in the Fig. 1.
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Fig. 2. Evolution of a (100) dislocation loop at 300 K with its Burgers vector along the normal direction of surface of {100}. The

motion processes of loop are shown in panel (a) to (c) before its interaction with surface, which are shown in panel (d) to (g).

Panel (h) is the final state after the absorption of loop by surface.
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Fig. 3. Evolution of a (100) dislocation loop at different temperatures with its Burgers vector perpendicular to the normal direc-

tion of {100} surface. The results simulated at 300 K are shown in (a) and (b) with simulation time up to 224 ps and 653.6 ps, re-
spectively. The results simulated at 585 K, 740 K and 970 K are shown in (c¢) to (e) with simulation time up to 1731.4 ps, 523.9 ps,
822.5 ps, respectively. The results at 1220 K with simulation time up to 129.9 ps, 139.9 ps, 149.9 ps are shown in (f) to (h), respect-

ively.
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Fig. 4. Position of a (100) dislocation loop with increasing

the simulation time. The Burgers vector of loop is parallel

to the normal direction of {100} surface.
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Fig. 5. Evolution of two (100) dislocation loops at 300 K and 900 K with Burgers vector perpendicular to each other The results

obtained at 300 K are shown (a) to (c¢) with simulation time up to 10 ps, 20 ps, 30 ps, respectively. The results obtained at 900 K

are shown (d) to (h) with simulation time up to 98.5 ps, 108.4 ps, 118.3 ps, 128.1 ps, 138 ps, respectively.
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Fig. 6. Surface morphology of {100} plane after its absorp-
tion of a (100) dislocation loop with its Burgers vector

along the normal direction of {100} surface.
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Surface effect on (100) interstitial dislocation loop in iron®
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Abstract

Formation and evolution of interstitial dislocation loop induced by radiation damage in a material are
confirmed to seriously affect the performance of the material under irradiation. For example, in body-centered
cubic Fe based alloy, 1/2(111) and (100) are mainly formed during the irradiation, which is related to various
degradations of material properties. Thus, the understanding of their effect on radiation damages of material is
always one of the hottest topics in nuclear material society. Previous studies have shown the surface effect on
1/2(111) loop through the investigation of the interaction between 1/2(111) loop and {111} surface.
Considering the difference in property between 1/2(111) loop and (100) loop, in this work the interaction
between a (100) loop and {100} surface is studied in detail through the molecular dynamics method. The
simulation results indicate that the factors including Burgers vector of loop, loop-to-surface depth, interaction
between pre-existing (100) loops, and temperature, all seriously affect the interaction between loop and surface.
Especially, the present results show for the first time the evolution of Burgers vector of (100) loop from (100)
to 1/2(111) and its one-dimensional diffusion to surface. According to these results, we also further explore the
surface evolution after its interaction with loop. The appearance of atomic island results in the rugged surface

morphology. All these results provide a new insight into the radiation damage to the surface of material.

Keywords: radiation damage, dislocation loop, molecular dynamics simulation, surface effect
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